H ospitalization for acute heart failure is common and is associated with substantial morbidity and mortality. In the United States, acute heart failure leads to over 1 million hospitalizations annually, 1 and the 1-year mortality rate after a heart failure hospitalization ranges from 20% to 30%. 2, 3 A subset of patients hospitalized with acute heart failure experience worsening heart failure during the hospitalization, typically defined as persistent or worsening signs or symptoms requiring an escalation of therapy. Worsening heart failure has been an end point in many clinical trials of acute heart failure therapies, [4] [5] [6] [7] [8] but limited data exist regarding the prevalence of worsening heart failure in clinical practice and its associated outcomes. We performed a retrospective, observational study using data from the Acute Decompensated Heart Failure National Registry (ADHERE) linked to fee-for-service Medicare administrative claims. Our objective was to describe the prevalence of in-hospital worsening heart failure in this large, multicenter US registry and to describe the associated mortality, rates of readmission, and postdischarge Medicare payments.
Methods Data Sources
Acute Decompensated Heart Failure National Registry was a large, multicenter registry of patients hospitalized with acute heart failure. 9, 10 More than 300 community and academic medical centers in the United States participated in the registry, and data were collected on more than 185 000 patients between January 2001 and March 2006. Registry data include demographic characteristics, comorbid conditions, medications, hospital course, laboratory test results, procedures, and discharge disposition. We obtained standard analytic files for fee-for-service Medicare beneficiaries from the US Centers for Medicare & Medicaid Services. We identified registry patients in the Medicare claims data by first linking registry hospitalizations to Medicare inpatient claims. The process used to link the registry data and the Medicare claims data has been described previously. 11 We obtained payment and health care utilization information from Medicare inpatient, outpatient facility, and professional claims and enrollment and mortality information from the Medicare denominator files. The institutional review board of the Duke University Health System approved the study.
Study Population
We included patients 65 years and older who had a registry hospitalization between January 1, 2001 and December 31, 2004 that was linked to fee-for-service Medicare claims data. We did not include registry hospitalizations from 2005 or 2006 because detailed information about inotrope use was not collected in those years. For patients with multiple linked hospitalizations, we selected the first as the index hospitalization. We excluded patients who were admitted on an elective basis for the index hospitalization. We also excluded patients who did not have fee-for-service Medicare coverage for at least 6 months before the index hospitalization.
Study Groups
We categorized patients into 3 groups according to their experience during the index hospitalization: patients with a complicated hospital presentation, patients with in-hospital worsening heart failure, and patients with an uncomplicated hospital course. We classified patients as having a complicated hospital presentation if they met any of the following criteria: initiated inotropic medications or an intravenous vasodilator within 12 hours of presentation to the hospital, were admitted initially to the intensive care unit, or received advanced medical therapy (ie, mechanical circulatory support, mechanical ventilation, or hemodialysis) on the first inpatient day. We classified patients as having in-hospital worsening heart failure if they met any of the following criteria: initiated inotropic medications or an intravenous vasodilator more than 12 hours after hospital presentation, were transferred to the intensive care unit, or received advanced medical therapy after the first inpatient day. We classified the remaining patients as having an uncomplicated hospital course.
Outcomes
The outcomes of interest were mortality, readmission, and postdischarge Medicare payments. Specifically, we estimated the unadjusted and adjusted associations between each study group and all-cause mortality, all-cause readmission, heart failure readmission, days alive and out of the hospital, and postdischarge Medicare payments at both 30 days and 1 year. We also measured hospital length of stay, in-hospital mortality, and Medicare payments to the hospital for the index hospitalization for each study group. We determined the index hospitalization date, length of stay, and in-hospital mortality from the Medicare index hospitalization claims. We determined mortality during the follow-up period using death dates in the Medicare denominator files, measuring from the date of admission for the index hospitalization. We identified readmissions from subsequent inpatient Medicare claims and measured time to readmission from the date of discharge for the index hospitalization. Readmission for heart failure was based on subsequent inpatient claims with a primary diagnosis of heart failure (International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code 428.x, 402.x1, 404.x1, or 404.x3). We excluded patients who died in the hospital, left against medical advice, or were discharged or transferred to another short-term hospital or hospice from the measurement and reporting of readmission, days alive and out of the hospital, and postdischarge Medicare payments. We determined total days alive and out of the hospital after discharge based on the death date, if present, and the duration of all subsequent hospitalizations during the follow-up period. Medicare payments after discharge from the index hospitalization included payments for inpatient, outpatient, and professional claims. We report these payments in 2010 US dollars with inflation adjustment using the Consumer Price Index medical care component. We excluded patients who enrolled in Medicare managed care during the follow-up period from the measurement and reporting of days alive and out of the hospital and postdischarge Medicare payments.
Patient Characteristics
We used information from the registry to describe patient demographic characteristics, medical history, findings from the initial evaluation, vital signs, laboratory test results, and admission and discharge medications. We used Medicare claims from the 6 months before the index admission to identify previous heart failure hospitalizations ( 
Statistical Analysis
We describe baseline characteristics of the study population by study group, using frequencies with percentages for categorical variables and means with SDs for continuous variables. We tested for differences between the groups using v 2 tests for categorical variables and Kruskal-Wallis tests for continuous variables. Most variables in the registry had few to no missing values. Exceptions included smoking status, B-type natriuretic peptide level on presentation, and left ventricular ejection fraction. For those variables, we treated missing values as a separate category, labeled "unknown." Missing data in other variables occurred <5% of the time. We imputed these missing values to the median value for continuous variables, to "no" for dichotomous variables, and to the modal value for other categorical variables. 12 We present the observed outcomes by study group. We present in-hospital mortality using frequencies and percentages, and we use v 2 tests to test for differences between the groups. We present length of stay, days alive out of the hospital, and Medicare payments using means with SDs or medians with interquartile ranges, and we used KruskalWallis tests to test for differences between the groups. Calculations of the incidence of mortality at 30 days and 1 year were based on Kaplan-Meier estimates, and we used log-rank tests to test for differences between the groups. For both readmission outcomes, we estimated incidence at 30 days and 1 year using the cumulative incidence function, which accounts for the competing risk of mortality, and we tested for differences between the groups using Gray tests. 13 For estimates of unadjusted and adjusted hazard ratios for each study group comparison for mortality, all-cause readmission, and heart failure readmission at 30 days and 1 year, we used Cox proportional hazards models. We used robust standard errors to account for clustering of patients within hospitals. We used linear mixed models to estimate the unadjusted and adjusted differences between the groups in the number of days alive and out of the hospital. We estimated unadjusted and adjusted ratios for average postdischarge Medicare payments between the groups using generalized linear mixed models with a log link and a Poisson error distribution that allowed for overdispersion. In all of the mixed models, we estimated hospital-level random intercepts to account for clustering of patients within hospitals. All unadjusted models included only the study group indicators. The adjusted models also controlled for patient baseline demographic characteristics, medical history, findings from the initial evaluation, vital signs, laboratory test results, and medications. We performed sensitivity analyses that categorized patients receiving early intravenous vasodilators as uncomplicated (instead of complicated) and excluded from the analysis patients with secondary diagnoses of acute myocardial infarction, pneumonia, or sepsis/septicemia.
Because of the number of outcomes in the study, we used a=0.01 to establish statistical significance and we report 99% CIs. We used SAS version 9.3 (SAS Institute Inc., Cary, NC) for all analyses.
Results
The study population included 63 727 patients. Of these, 7032 (11.0%) developed in-hospital worsening heart failure, 15 361 (24.1%) had a complicated hospital presentation, and 41 334 (64.9%) had an uncomplicated hospital course. Table 1 shows the baseline characteristics of the study population. Patients with worsening heart failure were younger and more likely to be male than patients in the other study groups. Some comorbid conditions were more common among patients with worsening heart failure, such as anemia, chronic kidney disease, diabetes mellitus, and peripheral vascular disease. Patients with worsening heart failure were also more likely to have a history of reduced left ventricular ejection fraction and a heart failure hospitalization in the preceding 6 months. On initial evaluation, patients with inhospital worsening heart failure tended to have lower systolic blood pressure, higher serum creatinine level, and higher B-type natriuretic peptide level. Table 2 shows the care received during the index hospitalization by patients with worsening heart failure and patients with a complicated hospital presentation. The use of inotropic medications and hemodialysis were more common among patients with worsening heart failure, whereas the use of intravenous vasodilators was more common among patients with a complicated hospital presentation. Table 3 presents the observed outcomes. For all measured variables, patients with worsening heart failure had the poorest outcomes at both 30 days and 1 year. The observed mortality rates for patients with worsening heart failure (19.0% at 30 days and 50.1% at 1 year) were higher than the rates for patients with an uncomplicated hospital course (7.3% and 32.7%, respectively) and patients with a complicated presentation (12.9% and 39.7%, respectively). Patients with worsening heart failure also had the highest rates of all-cause readmission (29.2% at 30 days and 70.6% at 1 year), compared with patients with an uncomplicated hospital course (21.4% and 66.1%, respectively) and patients with a complicated presentation (24.8% and 70.1%, respectively). The mean hospital length of stay was longest for patients with worsening heart failure (10.0 days), compared with patients with an uncomplicated hospital course (4.8 days) and patients with a complicated presentation (6.3 days). The median Medicare payments after discharge (adjusted for inflation to 2010 US dollars) for patients with worsening heart failure were $1045 (interquartile range, 237 to 8026) at 30 days and $19 642 (interquartile range, 6609 to 49 013) at 1 year and were higher than those among patients with an uncomplicated hospital course and patients with a complicated presentation. Patients with worsening heart failure also had the highest rate of in-hospital mortality, the highest Medicare facility payments for the index hospitalization, the highest rates of heart failure readmission at 30 days and 1 year, and the fewest days alive and out of the hospital at 30 days and 1 year. The Figure shows the Kaplan-Meier estimates of mortality, all-cause readmission, and heart failure readmission at 1 year. Table 4 shows the unadjusted and adjusted associations between the study groups and the observed outcomes. Compared with an uncomplicated hospital course, worsening heart failure was associated with higher mortality at 30 days (adjusted hazard ratio [HR], 2.56; 99% CI, 2.34 to 2.80) and 1 year (adjusted HR, 1.66; 99% CI, 1.58 to 1.74) and higher Compared with a complicated presentation, worsening heart failure was also associated with higher total Medicare payments at 30 days (adjusted cost ratio, 1.11; 99% CI, 1.02 to 1.22) but not at 1 year. Sensitivity analyses using different study definitions reclassified a subset of patients from 1 study group to another but did not significantly change the primary outcomes. Table 5 shows the adjusted rates of all-cause mortality and all-cause readmission at both 30 days and 1 year when patients who received early intravenous nitroglycerin or any intravenous vasodilator (ie, nitroglycerin, nitroprusside, or nesiritide) were categorized as uncomplicated instead of complicated. Similar findings were observed when patients who had secondary diagnoses of acute myocardial infarction, pneumonia, or sepsis/septicemia (results not shown) were excluded from study.
Discussion
We examined the prevalence and outcomes of in-hospital worsening heart failure, defined as the need for escalation of therapy at least 12 hours after hospital presentation. Using data from a large clinical registry, we found that worsening heart failure was common among Medicare beneficiaries, affecting 11% of patients hospitalized with acute heart failure. These patients had more complicated and costly hospitalizations, as evidenced by the highest observed rates of in-hospital mortality, longest lengths of stay, and highest Medicare hospital payments. In-hospital worsening heart failure was also associated with worse postdischarge outcomes and higher costs, compared with patients with an uncomplicated hospital course and with patients with a complicated presentation. Compared with an uncomplicated hospital course, worsening heart failure was associated with more than a 2-fold greater risk of mortality at 30 days, a 24% greater risk of all-cause readmission at 30 days, 35% higher postdischarge Medicare payments at 30 days, and 22 fewer days alive and out of the hospital at 1 year. In addition, compared with a complicated presentation, worsening heart failure was independently associated with a 29% greater risk of mortality at 30 days, an 11% greater risk of all-cause readmission at 30 days, 11% higher postdischarge Medicare payments at 30 days, and 11 fewer days alive and out of the hospital at 1 year.
In randomized controlled trials of acute heart failure therapies, the prevalence of in-hospital worsening heart failure in the placebo groups ranged from 5% to 42%. [4] [5] [6] [7] [8] 14 Despite differences in the definitions of worsening heart failure in those studies, worsening heart failure was a consistent marker of greater risk for readmission and mortality. 14, 15 Our findings represent the first report of a large-scale, real-world analysis of the prevalence and outcomes of patients with in-hospital worsening heart failure. The only other study to assess the prevalence of in-hospital worsening heart failure outside of clinical trial settings came from a single-center analysis of 337 patients in Israel. 16 That study found in-hospital worsening heart failure in 29% of patients but used a definition that included escalation of therapy after 6 hours of presentation to the hospital. Similar to our analysis, the study found that inhospital worsening heart failure was associated with greater early and late mortality. Our findings suggest that worsening heart failure during an acute heart failure hospitalization has a strong association with worse in-hospital and postdischarge outcomes. These findings have important implications for patients hospitalized with acute heart failure. Prevention or early recognition of in-hospital worsening heart failure may improve patient outcomes and reduce healthcare resource use. Prevention of worsening heart failure has also been reported in acute heart failure clinical trials without a detailed understanding of its implications. Our findings suggest that prevention of inhospital worsening heart failure may be an important end point in acute heart failure trials.
On the basis of our findings, we believe that worsening heart failure should be considered in the design of acute heart failure trials. However, a standard definition based on objective criteria is needed. Recent clinical trials have used varying definitions. For example, in the RELAX-AHF trial, worsening heart failure was defined as the presence of worsening signs or symptoms of heart failure requiring escalation of any intravenous therapy or mechanical support after study drug initiation within 16 hours of presentation. 8, 17 In the Value of Endothelin Receptor Inhibition With Tezosentan in Acute Heart Failure Study, worsening heart failure was defined as the presence of persistent or worsening signs or symptoms requiring escalation of therapy, or restarting previous therapies, or readmission after discharge, from the initiation of the study drug to 7 days. 4, 18 Our definition focused on the timing of the initiation of specific medications and advanced medical therapies or transfer to an intensive care unit. This definition may be more reproducible than physician-or investigator-based assessments of worsening heart failure 15 and may also be incorporated into clinical trials or quality-improvement initiatives that use electronic health records for data collection. Our study has limitations. First, the study population was limited to patients who were enrolled in the Acute Decompensated Heart Failure National Registry from 2001 through 2004 and who were 65 years or older and could be linked to Medicare claims data. The findings may not be generalizable to other patient populations, including younger patients and patients hospitalized during other time periods. Second, our definition of worsening heart failure included evidence for escalation of therapy while hospitalized for heart failure; we were unable to describe the reason for escalation of therapy and cannot be certain all escalation of care was for worsening heart failure. For example, while some patients were hospitalized for acute heart failure, they may have received advanced medical therapies such as mechanical ventilation Figure. Observed all-cause mortality, all-cause readmission, and heart failure readmission among patients hospitalized with acute heart failure. A, Kaplan-Meier estimates of all-cause mortality at 1 year after admission from the index hospitalization for patients with a complicated hospital presentation, patients with in-hospital worsening heart failure, and patients with an uncomplicated hospital course. P < 0.001 for all comparisons. B, Kaplan-Meier estimates of all-cause readmission at 1 year after discharge from the index hospitalization for patients with a complicated hospital presentation, patients with in-hospital worsening heart failure, and patients with an uncomplicated hospital course. P < 0.001 for the comparison between worsening heart failure and uncomplicated hospital course. P = 0.009 for the comparison between worsening heart failure and complicated hospital presentation. C, KaplanMeier estimates for heart failure readmission at 1 year after discharge from the index hospitalization for patients with a complicated hospital presentation, patients with in-hospital worsening heart failure, and patients with an uncomplicated hospital course. P < 0.001 for the comparison between worsening heart failure and uncomplicated hospital course. P = 0.86 for the comparison between worsening heart failure and complicated hospital presentation. 
Conclusions
In a large, multicenter registry, in-hospital worsening heart failure was common and was associated with high rates of mortality, readmission, and Medicare payments. Providers Table 4 and included demographic characteristics (age, sex, and race); medical history (anemia, atrial fibrillation, coronary artery disease, chronic kidney disease, chronic obstructive pulmonary disease or asthma, diabetes mellitus, heart failure hospitalization in the past 6 months, hyperlipidemia, hypertension, peripheral vascular disease, prior myocardial infarction prior stroke or transient ischemic attack, smoking status, pacemaker type, and implantable cardioverter defibrillator); initial evaluation results, vital signs, and laboratory test results (dyspnea, ejection fraction, fatigue, hemoglobin level, pulmonary edema, pulse, rales, serum creatinine level, serum sodium level, and systolic blood pressure); medications (angiotensin-converting inhibitor or angiotensin II receptor blocker, aspirin, b-blocker, clopidogrel, diuretic, lipid-lowering agent, warfarin); and the year of the index hospitalization. The mortality models included medication information from admission; the other models included medication information from discharge. †
Includes all patients. ‡
Excludes patients who died in the hospital, left against medical advice, were discharged, or transferred to another short-term hospital or hospice.
should consider the impact of in-hospital worsening heart failure on prognosis in the hospital and after discharge. Inhospital worsening heart failure is a target for new treatment strategies and may represent an important end point in clinical trials of acute heart failure therapies.
